PATENT ABSTRACTS OF JAPAN 



(11 publication number : 11-109103 
(43)Date of publication of application : 23.04.1999 



(51)Int.CL 



G02B 1/11 

B32B 7/02 

B32B 9/00 

G02B 3/00 



(21 Application number : 09-270062 
(22)Date of filing : 02.1 0.1 997 



(71 Applicant : NIKON CORP 

(72)Inventor : NAKAMURA HIROSHI 
AMIHOSHI JUNJI 



(54) OPTICAL MEMBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the reflection preventive 
effect with small influence of the polarized light at an arbitrary 
wavelength by forming an optical thin film having periodically 
arranged recessed parts on a substrate, or periodically forming 
projecting parts formed of an optical thin film material. 
SOLUTION: In an optical member, an approximately cylindrical 
projecting part 1a of (r) in radius and (d) in height formed of an 
optical thin film material for the wavelength range of 120-180 nm is , 
periodically formed on a substrate 1 with the periodical length S. The 
substrate 2 to be used, is formed of magnesium fluoride MgF2 and 
fluorite CaF2 capable of transmitting the light in the wavelength 
range of 120-180 nm. The material of the optical thin film capable of 
being used in the wavelength range of 120-180 nm is preferably the 
same as that of the substrate, or the material whose refractive index 
is smaller than that of the substrate, and includes MgF2, CaF2, LiF, 
Na3AIF6, Na5AI3F1 1, AIF3 and one or more components selected 

from the group of the mixture or the compound thereof. The similar reflection preventive effect to that of 
the optical thin film having the desired refractive index formed on the substrate, is obtained thereby. 
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CLAIMS 



[Claim(s)] 

[Claim 1] an acid-resisting layer which a crevice becomes from a 120nm - 200nm optical thin film material 
for wavelength fields prepared periodically — or an optical member which has on a substrate an acid- 
resisting layer in which it comes to form heights with an optical thin film material for 120nm - 200nm 
wavelength fields periodically. 

[Claim 2] An optical member according to claim 1 characterized by said cycle length being 1/10 or less [ of 
operating wavelength ]. 

[Claim 3] Claim 1 characterized by said 120nm - 200nm optical thin film materials for wavelength fields 
being one or more components chosen from a group of MgF2, CaF2, LiF, Na3AIF6, Na5aluminum3F14 f 
AIF(s)3 and such quality of mixture, or a compound, and an optical member given in two. 
[Claim 4] An optical member according to claim 1 to 3 characterized by that an effectual refractive index 
of said acid-resisting layer fills relation between n=(n1) 1/2 to a refractive index of a substrate, or optical 
thickness of said layer filling relation of n-d=lambda 0/4 to operating wavelength. However, for a refractive 
index of a substrate, and d, thickness of said acid-resisting layer and lambda 0 are [ a refractive index of 
an acid-resisting layer in which n includes space (medium) of each crevice, or space between each heights 
(medium), and n1 ] operating wavelength. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to an antireflection film effective in 

the light of 1 20nm - 200nm wavelength fields, such as ArF laser and F2 laser. 

[0002] 

[Description of the Prior Art] In optical system, in order to reduce quantity of light loss, a flare ghost, etc. 
by surface reflection of optical elements, such as a lens, it is necessary to form an antireflection film. As a 
configuration of such an antireflection film, the configuration which carries out the laminating of for 
example, a high refractive-index layer and the low refractive-index layer by turns is mentioned. Moreover, 
from such light, although there are an ArF excimer laser (lambda= 193.4nm), F2 laser (lambda= 157nm), etc. 
as the light source used in a 120nm - 200nm wavelength field, in order to be an effective antireflection film, 
low absorption and laser-proof [ quantity ] nature are required. However, in operating wavelength lambdaO 
<=200nm, usable high refractive-index material and low refractive-index material decrease. Especially, in 
lambdaO <=1 80nm, since usable high refractive-index material without absorption now does not exist, the 
multilayer antireflection film which does the effective acid-resisting effect so cannot be obtained. 
[0003] On the other hand, as a method of acquiring the desired acid-resisting effect by monolayer, as 
shown in drawing 5 from the former, the optical member which has the acid-resisting effect is known by 
etching removing periodically by cycle length smaller than operating wavelength, and forming the wedge-like 
thin film 3 on the optical substrate 1. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the pattern of the shape of a wedge as shown in 
drawing 5 , the polarization direction (the direction of A in drawing) which does the acid-resisting. effect so 
according to the polarization direction of the light which carries out incidence, and the polarization 
direction (the direction of B in drawing) without the effect of acid resisting will exist. Namely, when 
vibration of the electric field of incident light has a component in the direction of a ridgeline of a wedge, as 
for the component, the acid-resisting effect is not acquired. Moreover, it becomes difficult to form the 
configuration of a wedge as operating wavelength will short-wavelength-ize since the effect of acid 
resisting is small if the cycle length of a wedge is not 1/10 or less [ of operating wavelength ]. As an actual 
problem, by 1 micrometer or less, since the cycle length of a wedge is set to 0.1 micrometers or less, the 
operating wavelength lambda cannot form the configuration of a wedge with a sufficient precision (it forms 
by etching). 

[0005] Then, this invention is made in view of such a trouble, and it is a thing and is 0<=200nm of operating 
wavelength 120 nm<=lambda, and it does not depend in the polarization direction of incident light, but it 
aims at offering the optical member which does the acid-resisting effect so. 
[0006] 

It is means] in order to solve [technical problem, this invention — the first — " — a crevice — periodic — 
preparing — having had — 120 — nm - 200 — nm — wavelength — a field — ** — optics — a thin film 
material — from — becoming — acid resisting — a layer — or — 120 — nm - 200 — nm — wavelength - 
- a field — ** — optics — a thin film material — heights — periodic — forming — having — becoming — 
acid resisting — a layer — a substrate — a top — having — optics — a member (claim 1) — " — 



r 

•* providing . 

[0007] Moreover, this invention provides the second with "the optical member (claim 2) according to claim 
1 characterized by said cycle length being 1/10 or less [ of operating wavelength ]." Moreover, this 
invention provides the third with "claim 1 characterized by said 120nm - 200nm optical thin film materials 
for wavelength fields being one or more components chosen from the group of MgF2, CaF2, LiF, Na3AIF6, 
Na5aluminum3F14, AIF(s)3 and such quality of mixture, or a compound and an optical member (claim 3) 
given in two." 

[0008] moreover, this invention — the fourth — "— the optical member according to claim 1 to 3 
characterized by that the effectual refractive index of said acid-resisting layer fills the relation between 
n=(n1) 1/2 to the refractive index of a substrate, or the optical thickness of said layer filling the relation of 
n-d=lambda 0/4 to operating wavelength, however — n — each — a crevice — space (medium) — or — 
each — heights — between — space (medium) — containing — acid resisting — a layer — a refractive 
index — n — one — a substrate — a refractive index — d — said — acid resisting — a layer — 
thickness — lambda — zero — use — wavelength (claim 4) — " — providing . 
[0009] 

[Embodiment of the Invention] Below, it explains, referring to a drawing about the optical member as an 
operation gestalt of this invention. Drawing 1 is the outline perspective diagram of the optical member of 
the 1st operation gestalt concerning this invention. Drawing 2 is the outline perspective diagram of the 
optical member of the 2nd operation gestalt concerning this invention. 

[0010] As for the optical member of the 1st operation gestalt, approximately cylindrical heights 1of radius 
[ which consists of an optical thin film material for 120nm - 180nm wavelength fields on a substrate 1 ] r, 
and height d a is periodically formed by cycle length S. the — two — operation — a gestalt — optics — a 
member — a substrate — two — a top — a radius — r — height — d — being approximately cylindrical - 
- a crevice — one — a — ' — cycle length — S — periodic — preparing — having had — 120 — nm ~ 
180 — nm — wavelength — a field — ** — optics — a thin film — one — ' — forming — having — 
**** . 

[001 1] As a substrate 2, the magnesium fluoride (MgF2) and fluorite (CaF2) which penetrate the light of a 
120nm - 180nm wavelength field are used,. As an optical thin film usable in a 120nm - 180nm wavelength 
field, the same material as a substrate or a material smaller than the refractive index of a substrate is 
desirable, and one or more components chosen from the group of MgF2, CaF2, LiF, Na3AIF6, 
Na5aluminum3F14, AIF(s)3 and such quality of mixture, or a compound are mentioned. 
[0012] the layer 1 (it is called the layer which contains hereafter the heights formed on the substrate) 
which forms substrate 2 convex section 1a, and contains the heights 1a — or the same acid-resisting 
effect as the case where the optical thin film (it does not exist now) which has a desired refractive index 
substantially is formed on a substrate can acquire by forming layer V which prepared crevice 1a' on the 
substrate. The cycle length S of heights 1a of the shape of a cylinder currently periodically formed on the 
substrate or crevice 1a' is S<=lambda 0/10, when operating wavelength is set to lambda 0. ... It is desirable 
that it is **. , 

[0013] It is because light cannot recognize irregularity if cycle length is made sufficiently smaller than 
operating wavelength. Moreover, by making the configuration of heights or a crevice into the shape of a 
cylinder, it cannot be based on the polarization condition of incident light, but can have the acid-resisting 
effect. Although a cone, a semi-sphere, the square pole, a rectangular-head drill, the triangle pole, a 
triangular pyramid, etc. are mentioned other than the shape of a cylinder and the same effect can be 
acquired also by these as a configuration of heights or a crevice, the shape of a cylinder is desirable at the 
point of being easy to manufacture. 

[0014] The effectual refractive index n of layer 1' which prepared the layer 1 or crevice 1a' containing 
heights 1a formed on the substrate 2 is computable as follows with the ratio of the volume V1 of the space 
where material (thin film) exists in per unit (round term) volume, and the volume V2 of the space (medium, 
generally air) where material does not exist. 

(1) The refractive index of the antireflection film of the optical member concerning the 1st operation 



gestalt ( drawing 1 ) 

unit (round term) volume: — volume [ of a V=S2d cylinder (heights) ]: — refractive-index:nO (= 1) of 
refractive-index:n2 medium (air) of the material which is volume:V2=V-V1=($2-pir2) d in which V1= pir2d 
medium (air) exists, and constitutes a cylinder (heights) 

Effectual refractive-index:n=(n2V1+nOV2)/V={(n2pir2)+[nO (S2-pir2)]}/S2=1+(n2-1) pir2/S2<n2 of the layer 
which contains the heights formed on the substrate when it carries out ... It is **. 

[0015] This is substantially [ as the optical member in which the optical thickness d and the thin film of 
refractive-index 1+(n2-1) pir2/S2 were formed on the substrate ] the same. 

(2) The refractive index of the antireflection film of the optical member concerning the 2nd operation 
gestalt ( drawing 2 ) 

unit (round term) volume: — volume [ of a V=S2d cylinder (crevice) ] (medium section): — volume:V2=V- 
V1=(S2-pir2) d in which V1 = pir2d material (thin film) exists — it is — refractive~index:nO (= 1) of 
refractive-index:n2 medium (air) of material (thin film) 

Effectual refractive-index:n=(n0V1+n2V2)/V=[(n0pir2)+[n2 (S2-pir2)]}/S2=n2-(n2-1) pir2/S2<n2 of the 
layer which prepared the crevice when carried out ... It is **. 

[0016] This is substantially [ as the optical member in which the pptical thickness d and the thin film of 
refractive-index n2-(n2-1) pir2/S2 were formed on the substrate ] the same. As mentioned above, the 
effectual refractive index n of layer V which prepared the layer 1 or crevice 1a 1 containing heights 1a 
formed on the substrate By changing the volume of cylinder-like heights 1a or crevice 1a\ in the range of 
the refractive index n2 of an optical thin film from the refractive index nO (= 1) of air It can change into 
arbitration and a refractive index smaller than the refractive index n2 of the optical thin film material of the 
layer which prepared the optical thin film material of heights 1a or crevice 1a' can be obtained. 
[0017] The acid-resisting effect will be acquired if the optical thin film of a refractive index smaller than 
the refractive index of a substrate is formed on a substrate. However, in order to acquire the effective 
acid-resisting effect, a reflection factor becomes the smallest on the target wavelength by forming an 
optical thin film on a substrate so that the refractive index n and the optical thickness nd of an optical thin 
film may fill a degree type. 

n=n 11/2 (here, n1 is the refractive index of a substrate) ... ** n-d=lambda 0/4 (here, lambda 0 is operating 
wavelength) ... **, therefore the optical member concerning this invention a substrate — two — a top — 
periodic — forming — having — a cylinder — ** — heights — one — a — containing — a layer — or — 
a crevice — one — a — ' — having prepared — a layer — one — 1 — being effectual — a refractive 
index — n — optical — thickness — nd — a formula — ** — ** — filling — as — setting up — things - 
- being effective — acid resisting — an effect — having — optics — a member — it can provide . 
[0018] If the material or one kind of low refractive-index material used for a substrate is used for the 
optical member concerning this invention, it will become possible to acquire the acid-resisting effect. 
Furthermore, in the 1st and 2nd operation gestalt, although prepared periodically, heights and a crevice 
may be prepared at random, as long as the distance of the center to center of heights or a crevice fills or 
less lambda 0/10. 
[0019] 
[Example] 

[Example 1] The magnesium fluoride (MgF2) of d= 31.4nm of thickness was first formed with the vacuum' 
deposition method on the fluorite (CaF2) substrate. Next, the electron beam exposure system and the dry 
etching method were used on the magnesium fluoride (MgF2) which formed membranes, and a detailed 
pattern like drawing 2 as for which the cylinder-like hole (crevice) was periodically vacant was processed. 
A cylinder-like crevice is S= 10nm in the radius of r= 3.7nm, a depth (= height) of d= 34.1 nm, and period. 
[0020] Reflection property drawing in theta= 0 degree of incident angles of the optical member 
manufactured in the example 1 is shown in drawing 3 . Reflection property drawing in theta= 0 degree of 
incident angles of the optical member which formed magnesium fluoride (MgF2) monolayer (condition before 
vacating a periodic hole) on the fluorite substrate which is the conventional technology for the comparison 
is shown in drawing 4 . Although a reflection factor [ in / in the optical member manufactured in the 



example 1 / lambda= 157nm ] is about 0%, it turns out that a reflection factor [ in / in the conventional 
optical member / lambda= 1 57nm ] is about 1 .8%. 

[0021] In this example, as a method of producing the optical member concerning this invention, although 
electron-beam-lithography method + dry etching was used for membranous production at production of a 
vacuum deposition method and a detailed pattern, it is not limited to this method. As a method of 
producing other, it is possible to membranous production to produce the optical member which the method 
using light which used energy particles, such as ion and a neutron, for processing of detailed patterns, such 
as the physical forming-membranes methods, such as a spatter and the ion plating method, and the 
chemical forming-membranes methods, such as a CVD method, such as a method and an X-ray, also 
requires for this invention. 

[0022] Moreover, in this example, although the plane optical member was shown, it is not limited to this 

configuration and a convex lens, a concave lens, and a meniscus lens can also be produced. 

[0023] 

[Effect of the Invention] As mentioned above, as explained, since the heights which the optical member 
concerning this invention forms the optical thin film with which the crevice was periodically prepared on the 
substrate, or consist of an optical thin film material were formed periodically, the effect of polarization can 
acquire the small acid-resisting effect on the wavelength of arbitration. In the wavelength of 120nm - 
180nm, the optical member which has the difficult acid-resisting effect can be especially offered by the 
Prior art. 

[0024] If the residual reflection per whole surface is large when using it for the optical system used two or 
more pages is considered, the permeability (quantity of light) in the whole optical system will become small. 
Furthermore, in order to use it for highly precise optical system like a semiconductor aligner (stepper), 
residual reflection will cause deterioration of the image formation engine performance. Therefore, although 
the highly precise optical system in a 120nm - 200nm field is unrealizable in the optical member produced 
by the Prior art, implementation becomes possible by using the optical member of this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline perspective diagram of the optical member of the 1st operation gestalt 
concerning ** and this invention. 

[Drawing 2] It is the outline perspective diagram of the optical member of the 2nd operation gestalt 
concerning ** and this invention. 

[Drawing 3] It is reflection property drawing in theta= 0 degree of incident angles of ** and the optical 
member of an example 1 . 

[Drawing 4] It is reflection property drawing in theta= 0 degree of incident angles of the optical member in 
which the monolayer which are ** and the conventional technology was formed. 
[Drawing 5] It is the outline perspective diagram of ** and the conventional optical member. 
[Explanation of agreement] 

1 ... Layer containing heights 
1a ... Heights 

Y ... Layer which prepared the crevice 
1a' ... Crevice 

2 ... Substrate 

3 ... Wedge-like thin film 
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